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Abstract 
 
Studies of a welded joint were described. The joint was made as a result of the reconstruction of a truss and one of the possible means to 
make a repair. The studies were of a simulation character and were targeted at the detection of welding defects and imperfections that 
should be eliminated in a real structure. A model was designed and on this model the tests and examinations were carried out. The model 
was made under the same conditions as the conditions adopted for repair.  It corresponded to the real object in shape and dimensions, and 
in the proposed technique of welding and welding parameters. The model was composed of five plates joined together with twelve beads. 
The destructive and non-destructive tests were carried out;  the whole structure and the respective welds were also examined visually. The 
defects and imperfections in welds were detected by surface methods of inspection, penetration tests and magnetic particle flaw detection. 
The model of the welded joint was prepared by destructive methods, a technique that would never be permitted in the case of a real 
structure. For the investigations it was necessary to cut out the specimens from the welded joint in direction transverse to the weld run. The 
specimens were subjected to metallographic examinations and hardness measurements. Additionally, the joint cross-section was examined 
by destructive testing methods to enable precise determination of the internal defects and imperfections. The surface methods were applied 
again, this time to determine the severity of welding defects. The analysis has proved that, fabricated under proper conditions and with 
parameters of the welding process duly observed, the welded joint has good properties and repairs of this type are possible in practice. 
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1. Introduction 
 
Fabrication of structural components inherently involves the 
cases when repairs are necessary. This is due to the prolonged 
time of structure operation, and the effect of various phenomena, 
like corrosion, fatigue, or rheology. Quite often repairs are caused 
by the events of random nature [1], but even so, the outcome can 
be invariably the failure of structure. If this is the case, then the 
best remedy is to replace the element that has failed with a new 
one, but due to economic factors and complicated nature of this 
operation, it is often far easier to fix the problem  locally. 
This study describes a truss that has suffered failure. One of 
the means used to fix the problem was replacement of the 
damaged plates and fabrication of a welded joint composed of 
five plates. To better evaluate this solution, the properties of the 
joint were examined. 
2. Test methods  
 
Tests and examinations were performed on the welded joint 
mainly to evaluate its properties and detect possible welding 
defects and imperfections. To achieve this goal, a model of the 
joint corresponding to the real joint was prepared, applying the 
same welding technique and welding parameters as those that had 
been used for the repair of  a real structure. The ready model was 
subjected to destructive and non-destructive testing. The 
possibility to “destroy” the model completely allowed full 
exploration of the joint structure, which was important for further 
evaluation of its performance. A non-standard form of tests was 
the examination of joint cross-section done by the method of non-
destructive surface testing. 
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2.1. The technique of model joint fabrication 
 
The welded joint was made from S235JR steel plates. Figure 
1 shows the schematic outlay of individual joint elements and the 
sequence of weld overlaying.  
 
 
Fig. 1. The technique of welded joint fabrication 
 
First, two bevelled plates were joined at the base with bead no 
1 and filled with bead no. 2. On thus formed butt joint, the non-
bevelled plate was placed perpendicular to the base and was 
joined to the base on both sides with fillet welds (beads nos. 3 and 
4). The last step was welding of plates corresponding to a ribbed 
structure of the truss. The bevelled plates were joined with beads 
nos. 5,6,7,8 first, and filled with beads nos. 9,10,11 and 12 next. 
An outcome of these operations was the welded joint.  
 
 
2.2. Description of evaluation tests 
 
To evaluate the properties of a welded joint, it was necessary 
to carry out both non-destructive and destructive tests. All tests 
and examinations were done in conformity with the respective 
European Standards [2][3][4][5][6].  
First, the ready welded joint was subjected to visual testing 
(VT). The shape and geometry of the joint were examined as well 
as the surface of all welds and of the joint face. The test 
conditions, i.e. the illumination, distance and angle, were in 
conformity with the requirements imposed by respective 
standards [3]. The detected defects were recorded by digital 
camera. The welds were next subjected to penetration test (PT) to 
determine if they were free or not from the discontinuities running 
from the surface of the examined element into its interior.  
Magnetic powder testing (MT) as a method for the 
examination of a model welded joint was not recommended in 
this case. The reason was intricate configuration which made 
magnetising of the model and introducing powder into the weld 
very difficult.  
The second group of tests included the destructive tests. To 
examine the macrostructure of a welded element, specimens were 
taken from the central part of a model joint, as shown in Figure 2. 
For this purpose, macro- and microscopic examinations were 
carried out and hardness measurements were taken.  
 
 
 
Fig. 2. Places where specimens were taken for destructive tests 
 
To evaluate if the welded joint was made in a correct way, 
macroscopic examinations were performed. The aim of the 
examinations was detection of possible welding defects, the 
inhomogeneity of chemical composition, and the degree of weld 
penetration into parent metal. Examinations of the joint cross-
section enabled evaluation of the weld shape and HAZ spreading 
range. Macroscopic examinations were carried out on polished 
metallographic specimens taken from the model joint interior. To 
better visualise the HAZ effect, the specimens were etched with 
4% HNO3 solution in ethyl alcohol. 
Microscopic examinations were made on etched polished 
metallographic specimens. A Nikon Eclipse ME 600 microscope 
with digital image recorder was used. The target was to know the 
type of structure present in the individual areas of a joint. 
Hardness was measured to evaluate changes of this parameter 
in the examined material under the effect of the heat of welding. 
The distribution of hardness values in the welded joint was 
important in this case. Hardness was measured on etched sections 
with Vickers type FM 700e microhardness tester made by Future-
Tech Corp,  
The last group of tests included examinations of the welded 
joint cross-section to determine the range of incomplete fusion. 
The examinations were carried out with the non-destructive 
surface testing methods, which enabled easy detection of 
discontinuities present in the joint cross-section. The non-
destructive methods included the use of penetrants and magnetic 
powder flaw detection. 
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3. Test results  
 
3.1. Non-destructive testing 
 
3.1.1. Visual test 
 
Visual testing covered the whole model welded joint with   
inspection of the weld shape and dimensions. Almost the whole 
joint “configuration” satisfied the geometrical requirements of the 
design. The only exception was one plate characterised by an 
angular deformation (misalignment - imperfection no. 508 
according to PN-EN ISO 26520-1 [7]). The defect is shown in 
Figure 3.  A probable “technical” cause of this imperfection was 
the lack of pre-welding deformation of elements. Figure 3 also 
shows the surface unevenness observed on the joint face. Leaving 
the elements as they are might result in corrosion, induced by an 
aggressive medium gathering in  the weld cavities. 
 
 
Fig. 3. The face of welded joint with well visible defects 
 
All welds were subjected to visual testing, and in all of them 
the defects in the form of weld spatters (imperfection no. 602 
according to PN-EN ISO 26520-1 [7]) were detected. The 
examined weld is shown in Figure 4. Numerous spatters are 
visible along the weld run, combined with non-uniform width of 
the weld (overlapping - imperfection no. 513). The spatters 
deteriorate the surface condition of the examined elements and 
should be removed before anticorrosive protection is applied. 
They form a natural barrier reducing the anticorrosive agent 
adhesive power and facilitating its degradation. 
 
 
Fig. 4. The appearance of the examined weld 
 
During weld examinations, the defect in the form of incorrect 
ending of weld was observed. It is shown in Figure 5. 
 
 
Fig. 5. Weld with the defect of incorrect ending 
The root penetration at the joint base was uniform along the 
entire weld length except for an imperfection at the end of the 
object (Figure 6).  
 
 
Fig. 6. Fragment of incomplete root penetration at the welded 
joint base 
 
 
3.1.2. Penetration test 
 
The weld penetration test has confirmed the occurrence of 
defects and imperfections detected by visual testing. Voids in the 
joint face and imperfections in the weld ending were revealed  by 
the dark colour of penetrant showing against the white 
background of developer. The results of penetration test are 
shown in Figure 7. 
The penetration test gave no new evidence of the surface 
defects. 
 
Fig. 7. Evidence of welding defects and imperfections detected by 
penetration test done on all welds and on the joint face. 
 
 
3.2. Destructive testing 
 
3.2.1. Macroscopic examinations  
 
Macroscopic examinations were carried out on a specimen 
taken from the model joint, using both unetched and etched 
sections. The unetched section is shown in Figure 8 with the well  
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visible arrangement of beads laid down during welding. Welds are 
of the same size with faces concave or flat. The root penetration is 
correct and distributed in a uniform manner between the base steel 
plates. The weld root at the joint base has a correct convex shape.  
 
 
Fig. 8. Unetched section 
 
The section in Figure 8 shows imperfections present in the 
joint. The most important is the lack of fusion between the weld 
and base material. The consequence is reduced cohesion of the 
whole joint and impaired strength. To make the interpretation of  
internal defects easier, Figure 9 shows the enlarged view of the 
central part of joint. 
 
 
Fig. 9. The interior part of unetched section 
 
Figure 9 shows very distinct straight lines that mark the lack 
of root fusion (defect no. 4013 according to PN-EN ISO 26520-1 
[7]). The defect proves the lack of cohesion between the weld and 
base material and as such cannot be permitted. Close 
examinations of the section show also the lack of inter-bead 
fusion, which is exactly of the same nature as the lack of root 
fusion. 
The defects in the form of incomplete penetration are very 
dangerous. They are nearly as dangerous as cracks. When the 
structure is put in operation, they considerably reduce the 
resistance to crack formation. There is also an imminent risk of 
the decohesion process starting in the area of incomplete 
penetration, since there is no “smooth” transition between the 
weld material and base plate. The incomplete penetration 
observed in the welded joint is an ideal path for crack 
propagation. 
Macroscopic examinations were carried out on etched 
sections mainly to depict the range of HAZ effect. An etched 
metallographic section is shown in Figure 10.  
 
 
Fig. 10. Etched section 
 
Figure 10 showing the etched section enables concluding   
about the volume of heat necessary to make a welded joint. Heat-
affected zones of large surfaces are extending around all beads. In 
the whole examined joint, overlapping of these zones is observed 
to occur. The wide-extending HAZs result in different structures 
and hence in different properties of the welded joint. 
 
 
3.2.2. Microscopic examinations  
 
Microscopic examinations were carried out on etched 
sections. The place of the examination and the structure are 
shown in Figure 11.  
 
 
 
Fig. 11. Structure changing around the weld area 
 
The parent material, i.e. the S235JR (St3S) steel, has a 
ferritic-pearlitic structure. The increasing volume of heat 
corresponding to a shortening distance between the parent metal 
and weld zone changes the shape of pearlite precipitates into   
feather-like forms. Then, the refinement of grains at the beginning 
of HAZ occurs, followed by the grain growth in the vicinity of the 
weld (Figure 11). In the last zone, due to the directional heat 
transfer from liquid metal during solidification, the structure of 
the weld has a typical dendritic form. The zone most dangerous is  
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that where the grain growth occurs, as it reduces the joint 
resistance to crack formation. The results of microscopic 
examinations have revealed the structure typical of S235JR steel. 
 
3.2.3. Hardness measurements 
 
The distribution of hardness values in the model welded joint 
shows how the properties are changing in different area of this 
joint. The places of hardness measurements (hardness 
distribution) allowing for different areas of the welded joint, i.e. 
the base material, heat-affected zone and weld, are shown in 
Figure 12. 
 
 
Fig. 12. Hardness measurements taken in different areas of the 
welded joint 
 
 
 
Fig. 13. Plott ed hardness changes in the examined weld areas 
 
The graph in Figure 13 shows the results of measurements 
obtained for places marked in Figure 12 and for the procedure 
described in respective standard [4]. Both curves are basically of 
the same character. The heat-affected zone has the hardness 
higher than the base material. Hardness of the weld is higher than 
that of the heat-affected zone. Analysing the run of curve 1, which 
shows the distribution of hardness values in a single weld, one can 
see that hardness of the weld is similar in all three measurements. 
Curve 2 shows changes in the hardness of a butt weld at the joint 
base and is characterised by high degree of the weld hardness 
variations, which means that properties of this joint will be 
different, too. Numerous heat-affected zones are present here, 
causing grain refinement and hardness increase. 
 
 
3.3. Examinations of the welded joint section 
by surface testing methods  
 
3.3.1. Penetration test  
 
Penetration testing of the welded joint section was carried out 
in a way identical as testing of the whole joint. The imperfections 
shown in Figure 14 were revealed. The occurrence of incomplete 
penetration was confirmed. Tests have identified  how large range 
this defect had and to what degree the joint consistency was 
impaired by its presence.  
 
 
Fig. 14. Penetration test done on the welded joint section 
 
3.3.2. Magnetic powder test  
 
The indications of magnetic powder test have confirmed the 
imperfections observed during penetration test. The magnetic 
powder is evidently grouping around the line of a long incomplete 
fusion. The results of the test are shown in Figure 15. 
 
 
Fig. 15. Magnetic powder flaw detection done on the welded joint 
section 
 
 
4. Conclusions 
 
Detailed analysis of the results of tests and studies has proved 
that the welded joint was made in an incorrect way and had a 
number of welding defects and imperfections.  
Rozkład twardości
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210
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Non-destructive testing has shown deviations in the shape of 
the ready elements and other, relatively harmless, imperfections, 
such as voids in the joint face, incorrect weld ending, and spatters.  
Larger defects were revealed by destructive testing. Incomplete 
weld penetration and lack of root fusion were detected, thus 
confirming the results of macroscopic examinations carried out on 
the welded joint sections. The differences in the hardness of the 
weld and base material indicate poor properties of the joint. Under 
such circumstances, the welded joint should not be commissioned 
for use. This is due to a high risk of its failure and possible 
exposure of operator to the loss of life or health. 
The most important conclusion following from the submitted 
results of studies is that the repair of a welded structure with 
welded joints is possible, providing the required conditions are 
observed. 
To ensure proper fabrication of the welded joint, it is 
recommended to bevel first the skew plates at a larger angle and  
better match the additional material, to ensure that its properties 
are similar to the properties of a parent metal. Higher feeding rate 
of the wire during welding can raise the volume of material 
introduced in between the plates. Higher value of the current 
density during welding can improve the welded joint integrity. 
Further studies on the application of welded joints in repair 
welding of structures will focus on the choice of the best possible 
parameters of the welding process.  
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